Abstract. For the reliability evaluation of such expensive and high quality products as those used in aviation and spacecraft, this study gives the two-sided confidence limits estimation of reliability parameters for exponential distribution: average life, reliability and reliability life, in the case of zero-failure data. Calculation performed on practical problems show that the provided method is feasible and easy to operation in reliability engineering.
Introduction
In the area related to reliability of industrial products, for the life testing of products, engineers often deal with censored data, which sometimes have small sample size or have been censored. Also, the products of interest have high reliability. Since Lindley and Smith (1972) introduced the idea of hierarchical prior distribution, some results have been obtained on hierarchical Bayesian method to deal with lifetime data. But all those results obtained by means of hierarchical Bayesian methods involve complicated integration compute. Though some computing methods such as Markov Chain Monte Carlo (MCMC) are available, doing integration is still very inconvenient for practical problems.
Han (1997) developed some methods to construct hierarchical prior distribution. Recently, hierarchical Bayesian methods have been applied to data analysis. For more details, see Ando and Zellner (2010) , Richard (2011) . Especially some other results on hierarchical Bayesian methods have been proposed to deal with zero-failure data (Han and Li, 1999) , something that has long been recognized since the article of Martz and Waller (1979) appeared. For a detailed review of zero-failure data problem, refer to Han (2002) .
Consider type I censored life testing m time, denote the censored times as ( 1, 2, , ) i t i m =  , the corresponding sample numbers as i n , if no failure in these samples are observed in the testing process,
 is called the zero-failure data. In the case of grouped data, the two-sided confidence limit of estimation of the failure rate is described in Section 2. In the case of not grouped data, the two-sided confidence limit of estimation of the failure rate is described in Section 3. In Section 4, is two applications example is given. Section 5 is the conclusion.
In the case of grouped data
Let us suppose the life of a product follows an exponential distribution with probability density function (1) two-sided confidence lower limit and confidence upper limit of average lifeθ , respectively, International Conference on Intelligent Systems Research and Mechatronics Engineering (ISRME 2015)
(2) two-sided confidence lower limit and confidence upper limit of reliability R , respectively,
two-sided confidence lower limit and confidence upper limit of reliability life ( ) t R , respectively,
In the case of not grouped data 
Application Example
The following two application examples are given. Application Example 1. Consider the testing data from electronic products in type I censored testing, results all samples without a failure, zero-failure data are shown in Table1 (time unit: hour), the life of such type of electronic products has an exponential distribution. Table 1 , we can obtain: interval estimation of average lifeθ , interval estimation of reliability R and interval estimation of reliability life ( ) t R . Some numerical results of are listed in Table 2 . Application Example 2. Consider the testing data from electronic products in type I censored testing, results all samples without a failure, zero-failure data are shown inTable3 (time unit: hour), the life of such type of electronic products has an exponential distribution. Table 3 Zero-failure data of electronic products Table 3 , we can obtain: interval estimation of average lifeθ , interval estimation of reliability R and interval estimation of reliability life ( ) t R . Some numerical results of are listed in Table 4 . 
Conclusion
This paper, in the case of grouped data and not grouped data, are given respectively the two-sided confidence limits estimation of reliability parameters for exponential distribution: average life, reliability and reliability life, in the case of zero-failure data. According to Theorem 1 and Theorem 2, in the case of zero-failure data, we can obtain the interval estimation of reliability parameters for exponential distribution.
Reviewing the application example, it is show that the proposed method is feasible and convenient in engineering application.
